Flounders are commercially and economically important fish. A total of 120 specimens of flounders (60 Paralichthys isosceles, 30 Paralichthys patagonicus and 30 Xystreurys rasile) were collected off the coast of the state of Rio de Janeiro, Brazil. The fish were measured, necropsied and filleted, and then had their organs investigated for acanthocephalans. Taxonomic identification of the parasites was based on morphological, morphometric and genetic characters. Paralichthys isosceles and P. patagonicus were parasitized by juveniles of Serrasentis sagittifer, Bolbosoma turbinella, Corynosoma australe and C. cetaceum; Xystreurys rasile was parasitized by C. australe. Genetic characterization confirmed the identification of specimens of Bolbosoma turbinella and Corynosoma australe, as demonstrated by phylogenetic analyses using both ITS and cox1 molecular targets. Parasite indices of prevalence, intensity, mean intensity, abundance, mean abundance, and range of infection, as well as infection site, were evaluated for each parasite species. This is the first report of S. sagittifer parasitizing P. isosceles and P. patagonicus, and B. turbinella parasitizing P. patagonicus.
Introduction
Flounders (Pleuronectiformes, Paralichthyidae) are known to be ravenous predators of fish, cephalopods and crustaceans (ARAÚJO & HAIMOVICE, 2000) . Species of the genera Paralichthys and Xystreurys (Paralichthyidae) occurring along the coast of the state of Rio de Janeiro, Brazil, have great commercial importance in both domestic and foreign markets (BERNARDES et al., 2005) . These fish are considered to be among the so-called "fine fish" because of the high quality of their meat and their high market value (FIGUEIREDO & MENEZES, 2000; MASSA et al., 2005) .
Helminth parasites have been previously reported in flounders of the family Paralichthyidae in South America, including Brazil (SANTOS et al., 2008; FELIZARDO et al., 2009a FELIZARDO et al., ,b, 2010 FELIZARDO et al., , 2011 ALARCOS & TIMI, 2012; FONSECA et al., 2012 FONSECA et al., , 2016 ALARCOS et al., 2016) .
Thorny-headed worms, or acanthocephalans, are endoparasitic helminthes. There are approximately 1290 described species (AMIN, 2013) , which can be found causing various pathological conditions in marine and freshwater fish worldwide. The life-cycles of acanthocephalans involve a fish definitive host and an arthropode intermediary such as amphipod, ostracod or copepod. A few cycles also incorporate paratenic or transport hosts (WILLIAMS & JONES, 1994) .
Cases of human acanthocephaliasis have been reported in association with the ingestion of raw fish, including Acanthocephalus rauschi Golvan, 1969 and Corynosoma strumosum (Rudolphi, 1802 ) Lühe, 1904 , parasitizing Alaskan Eskimos (GOLVAN, 1969 SCHMIDT, 1971 ), and Bolbosoma Porta, 1908 and Corynosoma Lühe, 1904 , in Japan (TADA et al., 1983 ACHA & SZYFRES, 2003; ARIZONO et al., 2012; FUJITA et al., 2016) .
In Brazil, there is only one study reporting acanthocephalans of flounder Paralichthys isosceles Jordan, 1890 (ALARCOS et al., 2016 , which motivated new surveys on the acanthocephalans parasitizing flounders species from Brazilian coast.
The aim of this study was to assess the presence of juvenile acanthocephalans parasitizing P. isosceles, Paralichthys patagonicus Jordan, 1889 and Xystreurys rasile (Jordan, 1891) from off the coast of the state of Rio de Janeiro, in Brazil. The acanthocephalan species encountered were identified using morphological, morphometric and genetic characters, and their parasite indices calculated and infection sites reported.
Materials and Methods
One hundred and twenty flounder specimens, 60 P. isosceles with mean length 33.8 cm (25.0-39.5 cm) and mean weight 420.4 g (164-680 g); 30 P. patagonicus with mean length 40.8 cm (28.5-59 cm) and mean weight 820.4 g (280-2530 g); and 30 X. rasile with mean length 24.3 cm (11.5-31 cm) and mean weight 158.5 g (20-240 g), were collected from small markets selling only fish caught offshore of the municipalities of Cabo Frio (22°52'46" S; 42°01'07" W), Niterói (22°53'00" S; 43°06'13" W), Rio de Janeiro (22°54'13" S; 43°12'35" W), and Angra dos Reis (23º00'24" S; 44º19'05" W), in the state of Rio de Janeiro, Brazil. Fish species were identified in accordance with Nakamura et al. (1986) and Figueiredo & Menezes (2000) . Internal organs and musculature were examined, with all acanthocephalans found being placed in Petri dishes with 0.65% NaCl solution. Specimens were fixed in AFA (ethanol, formalin, and acetic acid), preserved in 70% ethanol, stained in Langeron's carmine, clarified in beechwood creosote, and preserved as whole mounts on Canada balsam according to . Voucher specimens were deposited in the Helminthological Collection of the Oswaldo Cruz Institute (CHIOC), Rio de Janeiro, state of Rio de Janeiro, Brazil.
Taxonomic classification of the parasites followed Amin (2013) , while morphological identification relied on Travassos (1966) , Salgado-Maldonado (1978) , Measures (1992 ), Pereira Junior & Neves (1993 and Sardella et al. (2005) . Morphometric analysis was conducted using bright-field microscopy with an Olympus BX 41 microscope. Measurements were made in millimeters and are given as ranges followed by means in parentheses. Whole-mounted samples were photographed using an Axiophot Zeiss microscope with a micrographic system, while drawings were made with the aid of a drawing tube. Some specimens were processed for scanning electron microscopy (SEM) following Lopes Torres et al. (2013) , which involved fixation in 70% ethanol, dehydration in an ethanol series (70% -100%), critical-point drying in CO 2 , and coating in gold. The material was examined and photographed using a JEOL SM-25 SII SEM or a Zeiss 962 SEM, under an acceleration voltage of 15 kvolts.
Ecological terminology was according to Bush et al. (1997) , as follows: prevalence, intensity, mean intensty, abundance, mean abundance, and range of infection.
Since all acanthocephalans were fixed in AFA and preserved in ethanol 70º GL, the specimens used for genetic analysis were rinsed in a 0.65% NaCl solution, identified morphologically using a stereomicroscope and preserved at -20°C until DNA extraction. Serrasentis sp. (n=3), Bolbosoma sp. (n=20), and Corynosoma sp. (n=8) were submitted to genetic analysis. Samples were ground under the presence of liquid nitrogen prior to DNA extraction, which was performed using a QIAamp® DNA Mini Kit (QIAGEN, Hilden, Germany) (IÑIGUEZ et al., 2011 . PCR was performed targeting the complete nuclear internal transcribed spacer region (ITS), including ITS-1, the 5.8S rDNA gene, and ITS-2, and the cytocrome c oxidase subunit I (cox1) gene. PCR primers for ITS and the conditions for amplification of ~800bp are the same as those described in Zhu et al. (1999) and , respectively. PCR of cox1 was performed targeting a 655bp fragment using the primers LCO1490 (5'-GGTCAACAAATCATAAAGATATTGG-3') and HCO2198 (5'-TAAACTTCAGGGT GACCAAAAAATCA-3'), as described in Folmer et al. (1994) . Reactions were performed with a total volume of 50µl, comprising 10mM Tris-HCl (pH 8.0), 50mM KCl, 1.5mM MgCl2, 0.2mM of each dNTP, 400 ng of each primer, 1.5U Platinum Taq polymerase (Invitrogen), and 50 ng of genomic DNA. The PCR reactions were subjected to an initial cycle of 3min at 96º C, followed by 35 cycles at 96 °C for 1min, 56 °C for 1min, and 72 °C for 1min in a programmable thermal controller (PTC100 60v, MJ Research, Inc). PCR products were analyzed by electrophoresis, in 1.2% agarose gels for ITS and 1.8% agarose gels for cox1, and then visualized under UV light after staining with ethidium bromide. The amplicons were directly sequenced using Big Dye Terminator v 3.1 Cycle Sequencing Ready Reaction Kit (Applied Biosystems) in a 3100 Automated DNA Sequencer, as recommended by the suppliers. Sequencing analysis was performed using the global Basic Local Alignment Search Tool (National Center for Biotechnology Information database) and BioEdit v7.0.4.1 (Department of Microbiology, North Carolina State University, USA) (HALL, 1999) . Sequences obtained in this study were compared with all acanthocephalan sequences available in GenBank for both targets. ITS datasets were constructed with all reference sequences available in Genbank (10/2018) for the genera Bolbosoma, Corynosoma and Polymorphus. The cox1 dataset contained all available sequences in Genbank (10/2018) for the genera Bolbosoma and Corynosoma. Hexaglandula corynosoma was used as an outgroup. Phylogenetic and molecular evolutionary analyses were conducted using MEGA version 7 (TAMURA et al., 2013) . Phylogenetic trees were constructed using the Neighbor-joining (NJ) method, the Kimura-2-Parameters (K2P) model, and following the CBOL barcoding protocol (http://www. barcodeoflife.org/content/ resources/ standards-and-guidelines). The pairwise deletion parameter was applied with 1000 bootstrap replicates. Maximum likelihood (ML) trees were constructed using the best-fitting model of DNA substitution, as determined by the Bayesian information criterion (BIC).
Results
A total of 134 juvenile acanthocephalans were collected: 47 from P. isosceles, 81 from P. patagonicus and 6 from X. rasile. Paralichthys isosceles and P. patagonicus were parasitized by a species of Serrasentis, a species of Bolbosoma, and two species of Corynosoma. Xystreurys rasile was parasitized by a species of Corynosoma. The prevalence of acanthocephalans found in each species of flounders was: 48.3% for P. isosceles, 40.0% for P. patagonicus, and 10.0% for X. rasile.
Some juveniles were alive and exhibited limited motility. Acanthocephalans were taxonomically identified as below.
Rhadinorhynchidae the ventral and lateral surfaces. Proboscis claviform, armed with 22-24 longitudinal hook rows each with 16-17 hooks. Neck short, conical. Proboscis hooks thicker ventrally than dorsally, decreasing in size from apex to base. Proboscis receptacle with thick double wall. Pair of extremely long leminisci extend for half the length of the trunk. Small sensory papilla present on each side of the base of proboscis. Trunk elongate, with 24-28 longitudinal rows of 8-9 spines on anterior extremity, followed posteriorly by transversal rows of combs of spines (18-20 in males and 18-22 in females) occupying half of the length of the trunk on the ventral surface. Male genital apparatus: two ovoid testes in tandem; four tubular cement glands; cement receptacle linked to elongate Saefftigen's pouch; pyriform seminal vesicle; and spiny cirrus inside bursa copulatrix. Female genital apparatus: ovarium balls; uterine bell; uterus straight; and muscular vagina divided into funnel, sphincter, and bulb.
Morphometric parameters are shown in Table 1 . Hosts: P. isosceles and P. patagonicus. Parasitic indices for P. isosceles (Pi): prevalence = 20%, mean intensity = 1.67 ± 0.77, mean abundance = 0.33 ± 1.41 and range of infection = 1-3 and for P. patagonicus (Pp): prevalence = 26.7%, mean intensity = 4.37 ± 3.25, mean abundance = 1.17 ± 4.94 and range of infection = 1-11.
Infection sites for P. isosceles: intestine and for P. patagonicus: stomach and intestine.
Collected specimens for P. isosceles: 20 and for P. Features observed in 12 juveniles, 8 from P. isosceles, and 4 from P. patagonicus. Body elongate, anterior region dilated, proboscis cylindrical and armed with 20-22 longitudinal rows of 7-8 hooks each. Neck short, wider at posterior end, without hooks. Bulb flattened with trunk spines arranged in 38-40 longitudinal rows with 21-22 hooks each, extending dorsally and ventrally covering about half of the proboscis receptacle; spines smaller near base of neck. Pair of slightly convoluted leminisci of similar length present. Male genital apparatus: testes ovoid, in line; four tubular cement glands followed by elongate Saefftigen's pouch; seminal vesicle ovoid; and cirrus inside bursa copulatrix. Female genital apparatus: ovarian balls; uterine bell elongate; uterus straight; and muscular vagina divided into funnel, sphincter, and bulb.
Morphometric parameters are shown in Table 2 . Hosts: P. isosceles and P. patagonicus. Parasitic indices for P. isosceles (Pi): prevalence = 13.3%, mean intensity = 2.00 ± 1.21, mean abundance = 0.27 ± 2.12 and range of infection = 1-4 and for P. patagonicus (Pp): prevalence = 13.3%, mean intensity = 2.50 ± 1.29, mean abundance = 0.33 ± 2.12 and range of infection = 1-4.
Infection sites for P. isosceles: stomach and intestine and for P. patagonicus: intestine.
Collected specimens for P. isosceles: 16 and for P. patagonicus: 10. Deposited specimens: CHIOC 37832, 37833, 37834, 37835 (Pi); CHIOC 38084, 37988, 37989, 37990 (Pp) .
Corynosoma Lühe, 1904 Corynosoma australe Johnston, 1937 (Figures. 7-8) Features observed in 14 juveniles, 1 from P. isosceles, 11 from P. patagonicus and 2 from X. rasile. Body pyriform, anterior region dilated and proboscis cylindrical. Proboscis wider at posterior end, armed with 18 longitudinal rows of 12-14 hooks each; 9-11 anterior hooks with well developed posteriorly directed roots and three small basal hooks with small anteriorly directed roots. Neck short, wider at posterior end. Anterior portion of trunk swollen and flattened in form of a bulb. Proboscis receptacle double-walled. Tegumental spines covering bulb dorsally at fore-trunk, extending to the ventral surface at the posterior end. Pair of moderately short, lobe-like leminisci reaching half the length of proboscis receptacle. In some female specimens, genital and tegumental spines are contiguous in the ventral region, but clearly distinguishable. Genital opening surrounded by triangular genital spines that are larger than tegumental spines. Male genital apparatus: testes rounded, contiguous; six claviform cement glands, followed by elongate Saefftigen's pouch; elongate seminal vesicle; and bursa copulatrix. Female genital apparatus: ovarian balls; uterine bell elongate; uterus straight; and muscular vagina divided into funnel, sphincter, and bulb. Male genital spines show a distinctive radial distribution pattern with 14 spines on each side of the opening of the bursa copulatrix, and one central spine, called "c", on the dorsal surface. Some spines are bifid, such as observed in 1 and 1'. Female genital spines are located on the ventral side and are smaller than those of males.
Morphometric parameters are shown in Table 3 . Hosts: P. isosceles, P. patagonicus and X. rasile. Parasitic indices for P. isosceles (Pi): prevalence = 5%, mean intensity = 3.33 ± 1.52, mean abundance = 0.17 ± 2.82, range of infection = 1-5; for P. patagonicus (Pp): prevalence = 16.7%, mean intensity = 3.60 ± 2.56, mean abundance = 0.60 ± 3.53 and range of infection = 1-7 and for X. rasile (Xr): prevalence = 10%, mean intensity = 2.00 ± 0.74, mean abundance = 0.20 ± 1.41 and range of infection = 1-4.
Infection sites for P. isosceles: stomach and intestine; and for P. patagonicus and X. rasile: intestine.
Collected specimens for P. isosceles: 10, for P. patagonicus: 18 and for X. rasile: 6.
Deposited specimens: CHIOC 37836b (Pi); CHIOC 37172, 37837, 37964, 38048a-b, 38049a-b, 38050a-c (Pp); 38055, 38056 (Xr). Features observed in 13 juveniles, 1 from P. isosceles, and 12 from P. patagonicus. Body pyriform, anterior region dilated and proboscis cylindrical. Proboscis wider at posterior end, armed with 18-20 longitudinal rows of 15-16 hooks each; 12-13 anterior hooks with well-developed posteriorly-directed roots and 2-3 (usually 2) small basal hooks with small anteriorly directed roots. Neck short, wider at posterior end. Anterior portion of trunk swollen and flattened in form of a bulb. In females, fore-trunk and hind-trunk delimited by a typical ventral fold; in males, fold delimiting fore-trunk and hind-trunk is more superficial and not always discernible. Proboscis receptacle double-walled. Tegumental spines covering bulb dorsally for the length of the fore-trunk; in males, these spines extend ventrally covering 60-75% of trunk length; in females, these spines extend ventrally covering 97-98% of trunk length, and the trunk possesses two ventral transverse folds, that are devoid of spines, and delimit a blunt lobe between fore-and hind-trunk. A pair of moderately short, lobe-like leminisci extend over half of the proboscis receptacle. Genital spines absent in both sexes; less frequently males possess a unique, clearly distinguishable genital spine. Male genital apparatus: testes round, contiguous; six claviform cement glands, followed by elongate Saefftigen's pouch; seminal vesicle elongate; and bursa copulatrix. Female genital apparatus: ovarian balls; uterine bell elongate; uterus straight; and a muscular vagina divided into funnel, sphincter, and bulb.
Morphometric parameters are shown in Table 4 . Hosts: P. isosceles and P. patagonicus. Parasitic indices for P. isosceles (Pi): prevalece = 1.67%, intensity = 1.00, abundance = 0.02 and for P. patagonicus (Pp): prevalence = 26.7%, mean intensity = 2.25 ± 1.76, mean abundance = 0.60 ± 5.65 and range of infection = 1-6.
Infection sites for P. isosceles and P. patagonicus: intestine. Collected specimens for P. isosceles: 1 and for P. patagonicus: 18. Deposited specimens: CHIOC 37836a (Pi); CHIOC 38051, 38052a-f, 38053, 38054 (Pp).
Genetic analysis. Of the acanthocephalan specimens submitted to genetic analysis, four specimens of Bolbosoma sp. and one specimen of Corynosoma sp. yielded DNA sequences: three specimens of Bolbosoma sp. and the one of Corynosoma sp. for the ITS region and two of Bolbosoma sp. and the one of Corynosoma sp. for the cox1 gene.
An ITS dataset (843bp) was constructed with all the reference sequences available for the genera Bolbosoma, Corynosoma and Polymorphus, and the Bolbosoma sp. samples HE14, HE23, and HE25 (ITS Dataset I). In order to include the short sequence recovered from Corynosoma sp. (the HE38 sample; 574pb) in the ITS phylogenetic analysis, the dataset was shortened and named ITS Dataset II. The cox1 dataset contained reference sequences and the sequences from Bolbosoma sp. and Corynosoma sp. (samples HE25, HE38 and HE43). The best-fitting model of DNA substitution using BIC was the Tamura 3-parameter model (TN92) with the gamma distribution (+G) for ITS Dataset I; K2P+G for ITS Dataset II; and Hasegawa-Kishino-Yano model (HKY) plus gamma distribution and invariable sites (+G+I) for the cox1 dataset. Nucleotide sequences were deposited in GenBank with the accession numbers KU314817-KU314823.
Using the ITS Dataset I, phylogenetic trees based on NJ K2P and ML TN92+G ( Figure 10A ) confirmed the identification of Bolbosoma sp. The three specimens grouped with the two available ITS sequences for Bolbosoma capitatum and Bolbosa nipponicum with high bootstrap values (98% and 99%, for NJ and ML analyses, respectively). Using the ITS Dataset II (NJ K2P and ML K2P), one specimen (HE38) of Corynosoma sp. (Figure 10B) , was included in the genus-specific cluster (NJ = 73%, ML = 76%), as closely related to the C. australe and C. bullosum subcluster (NJ = 88%, ML = 93%). Both datasets, and both mehtods used, agreed in showing the genera Bolbosoma and Corynosoma as monophyletic and closely related (NJ = 100%, ML = 99/98%). The only exception was when the ML method was applied since C. cetaceum (AF286310) did not group within the Corynosoma genus cluster, but instead was placed as an outgroup basal to Bolbosoma + Corynosoma. The phylogenetic trees produced by NJ K2P and ML HKY+G+I using the cox1 data set revealed the same topology (Figure 11 ). The specimen HE38 grouped within the C. australe cluster with maximun bootstrap values for both NJ and ML. In addition, two Bolbosoma sp. sequences (HE25 and HE43) clustered with the two Bolbosoma sp. cox1 sequences available (NJ = 94%, ML= 97%), and robustly with B. turbinella with maximun bootstrap value (NJ/ML = 100%) ( Figure 11 ). 
Discussion
The acanthocephans identified as S. sagittifer in the present study, morphologically resemble those previously recorded as immature and adult specimens of this parasite from several teleost species from various regions of the world (AL-ZUBAIDY & MHAISEN, 2012; ABDEL-GHAFFAR et al., 2014; MOHAMADAIN & ADEL, 2015) . The difference in size found by the present study is likely due to the developmental stage of the parasite, while the differences found in the number of combs is likely due to intraspecific variation, as reported by Al-Zubaidy & Mhaisen (2012) . Therefore, as only juvenile specimens of S. sagittifer were found in the present study, the flounders are acting as paratenic hosts.
The juvenile of B. turbinella collected in the present study were identified according to previous morphological descriptions of adults collected from cetaceans, and mainly involved characters relating to proboscis hooks and the distribution of trunk spines (MEASURES, 1992) . Morphometrically, these specimens were smaller then those of adult collected from Balaenoptera borealis off the coast of Rio de Janeiro, Brazil, by Machado Filho (1964) , which can be explained by them being of different ontogenetic stages.
The morphological and morphometric characters of the C. australe specimens collected in the present study are in accordance with previous descriptions reported for specimens from Brazilian and Argentinean fish hosts (KNOFF et al., 2001; SARDELLA et al., 2005; AZNAR et al., 2016) . According to Sardella et al. (2005) , the male genital opening is surrounded by three irregular rows of 18-34 triangular spines, while the specimens of the present study had 29 spines distributed around the male genital opening (Figure 8) .
The specimens of C. cetaceum of the present study exhibited morphological and morphometric characters in agreement with the original descriptions, as well as other descriptive studies (AZNAR et al., 2002 (AZNAR et al., , 2016 SARDELLA et al., 2005) .
Alarcos & Timi (2012) reported juvenile acanthocephalans from the same hosts as investigated in the present study, but from Argentina, and found only the species C. australe and C. cetaceum. In comparison with our results, C. australe of that study had higher parasite indices in P. patagonicus with prevalence of 94.12% and mean abundance of 6.35, in P. isosceles with prevalence of 92.16% and mean abundance of 14.69 and in X. rasile with prevalence of 89.58% and mean abundance of 9.23. Alarcos & Timi (2012) also found C. cetaceum occurring in P. patagonicus with higher parasite indices (prevalence of 74.51% and mean abundance of 2.55). Furthermore, they found it present in X. rasile. Subsequently, Alarcos et al. (2016) reported juvenile acanthocephalans parasitizing P. isosceles in Rio de Janeiro, Brazil. In contrast to our results, these authors only found two acanthocephalan species: C. australe with similar parasite indices (prevalence of 7.9% and mean abundance of 0.1), and B. turbinella with higher indices for hosts collected in Cabo Frio (prevalence of 36.8% and mean abundance of 0.5) and in Niterói, state of Rio de Janeiro (prevalence of 25% and mean abundance of 0.6). The present study differed by having found the additional acanthocephalan species S. sagittifer and C. cetaceum in P. isosceles.
According to Spalding et al. (2007) , marine ecoregions have relatively homogeneous species compositions that are clearly distinct from adjacent systems. Species composition is likely determined by the predominance of a small number of ecosystems and/or a distinct suite of oceanographic or topographic features. The dominant biogeographic agents that define ecoregions vary from location to location but may include physico-chemical and biological agents. In ecological terms, these ecoregions are strongly cohesive units that are sufficiently large to encompass ecological or life history processes for most sedentary species. Although some marine ecoregions may have important levels of endemism, this is not a key determinant in ecoregion identification, as it has been for terrestrial ecoregions. Therefore, features observed among and within ecoregions can influence their fish parasite communities, and thus explain the parasite compositions of the flounder species from waters off Necochea, Argentina, by Alarcos & Timi (2012) , and from waters off Rio de Janeiro, Brazil, by Alarcos et al. (2016) and the present study.
Serrasentis sagittifer and C. cetaceum were recently reported from paralichthyid fish at higher prevalences than those found in the present study. Barton & Smales (2015) investigated six species of the genus Pseudorhombus Bleeker, 1862, from Australian waters, and found cystacants of S. cf. sagittifer (prevalecne of 36.32%) in fish from the western Gulf of Carpentaria, and S. cf. sagittifer (prevalence of 25%) and Corynosoma cetaceum (prevalence of 21.25%) in fish off the central coast of Queensland, showing that these acanthocephalan species occur in other paralichthyid fish in other parts of the world. Thus, P. isosceles and P. patagonicus Figure 11 . Maximum likelihood (ML) phylogenetic analysis of cox1 gene sequences, including sequences HE25, HE38 and HE43 from this study and GenBank reference sequences. Numbers at nodes are bootstrap support values, when higher than 50%. Regular numbers correspond to ML analysis with the HKY model and G+I parameters, while italicized numbers correspond to Neighbor-joining analysis with the K2P model. Bar represents the expected number of substitutions per nucleotide.
are new host records for S. sagittifer, and P. patagonicus is a new host record for B. turbinella.
The parasitization of paralichthyid fish by species of Corynosoma and Bolbosoma turbinella recorded in the present study indicates that these fish are positioned at an intermediate trophic level of the marine food web where they act as paratenic hosts, as has been reported for other species of this family (FUJITA et al., 2016) , while marine mammals and birds are final hosts (HERNÁNDEZ-ORTS et al., 2017) .
The species of Corynosoma and Bolbosoma turbinella were found alive in the present study, which reinforces the importance of hygienic-sanitary practices because some species of these two genera are involved with zoonoses. This fact was reported by Fujita et al. (2016) , who also commented that such infections are closely associated with eating uncooked food, and are mostly reported from Japan because of the traditional food culture there (i.e., sushi and sashimi). Even though the polymorphid acanthocephalan specimens of the present study were not found in the musculature, they can migrate there via inadequated fish cleanning, with the rupture of the walls of the intestine and stomach, and stay available for ingestion, potentially infecting consumers. As suggested by FAO/WHO (2014) and Fujita et al. (2016) , treatments of heating or freezing are desired for the prevention of parasite infections by these species, as is the usual case for other food-borne parasites, and recently in Brazil (PORTO ALEGRE, 2016), the minimum requirements for the production, preparation and commercialization of sushis and sashimis in the city of Porto Alegre (Brazil) were published. Therefore, future studies should be conducted to evaluate the zoonotic potential of the polymorphid species analyzed in the present study.
